The early response gene IEX-1 is involved in the regulation of cellular growth and survival, and its expression is related to stress-, growth-and deathinducing signals. Addressing the role of IEX-1 in the promotion of apoptosis, we investigated the effect of IEX-1 on nuclear factor-jB (NF-jB) activation. Stably transfected HEK-293 cells conditionally overexpressing IEX-1 exhibit decreased levels of NF-jB activity, either basal or TNFa induced, as shown by gel-shift and luciferase reporter gene assay. Furthermore, activated p65 accumulated in the nuclei of 293 cells to a lower degree, if IEX-1 expression was increased. This inhibited NF-jB activation was preceded by an altered turnover of IjBa and phospho-IjBa. In addition, IEX-1 expression also inhibited the activity of the 26S-proteasome, as shown by a fluorometric proteasome assay. Conversely, disruption of IEX-1 expression in 293 cells by stable transfection with specific anti-IEX-1 hammerhead ribozymes increased NF-jB activity, and accelerated the degradation of IjBa. Along with these opposite effects of IEX-1 expression and IEX-1 disruption on NF-jB activation, the sensitivity of 293 cells towards various apoptotic stimuli also changed. In contrast to ribozymetransduced 293 cells that were significantly less sensitive to apoptosis, this sensitivity was enhanced if IEX-1 expression was increased. Our data suggest that IEX-1 -itself an NF-jB target gene -inhibits the activation of this transcription factor, and hereby may counteract the antiapoptotic potential of NF-jB.
Introduction
Nuclear factor-kB (NF-kB) is a dimeric transcription factor (reviewed in Ghosh et al., 1998) consisting of proteins of the Rel-family (RelA/p65, RelB, c-Rel, NFkB1/p50 or NF-kB2/p52). For its activation, NF-kB becomes released from the cytosolic retention by specific inhibitory proteins designated as inhibitor kB (IkB) (mainly IkBa and IkBb). Upon inducing signals, such as cytokines TNFa) , UV light and other stress stimuli, IkB is first phosphorylated by the IkB kinase complex (IKK1/2) followed by its rapid proteasomal degradation. Afterwards, the NF-kB dimer enters the nucleus and exerts its action as a site-specific transcription factor. NF-kB-dependent gene expression is mainly responsible for immune response and inflammation on the one hand (reviewed in Ghosh et al., 1998; Tak and Firestein, 2001) , and for the regulation of cell growth and cellular viability on the other hand (reviewed in Baldwin, 2001 ; Karin et al., 2002) . Under various conditions, NFkB activation provides resistance against apoptotic cell death (Wang et al., 1996; Van Antwerp et al., 1996) induced by death ligands and DNA-damaging insults as well. Consequently, inhibition of NF-kB increases the sensitivity towards these apoptotic stimuli.
One NF-kB target gene that seems to be involved in the regulation of cell growth and apoptosis is Immediate Early Gene 1 (IEX-1). This widely expressed human early response gene -also designated as IER3, PRG1, DIF2 -encodes a 22-25 kDa protein (Kondratyev et al., 1996; Scha¨fer et al., 1996; Pietzsch et al., 1997) and exhibits high sequence similarity to the rat PRG1 gene (Scha¨fer et al., 1996) and the murine gly96 gene (Charles et al., 1993) . In certain types of cells, expression of IEX-1 is associated with cell cycle progression and proliferation Scha¨fer et al., 1999a; Grobe et al., 2001) . Several transcription factors, such as NF-kB, AP1, AP2, Sp1, c-Myc and p53, have been shown to modulate IEX-1 expression in a cell typedependent manner (Pietzsch et al., 1998; Scha¨fer et al., 1998a, b; Segev et al., 2000; Huang et al., 2002; Im et al., 2002a, b) . In particular, it is well established that IEX-1 is an NF-kB target gene (Kondratyev et al., 1996; Scha¨fer et al., 1998a; Wu et al., 1998; Segev et al., 2000; Arlt et al., 2001; De Keulenaer et al., 2002) rapidly induced by various NF-kB-activating stimuli -such as IL-1b, TNFa, or UV radiation -but its exact cellular role in this context is unclear.
Some data have been presented that IEX-1 may be one of the antiapoptotic target genes of NF-kB accounting for the protective potential of NF-kB against programmed cell death Garcia et al., 2002; Zhang et al., 2002) , whereas other studies provided clear evidence that IEX-1 rather promotes apoptosis (Scha¨fer et al., 1999b; Segev et al., 2001; Arlt et al., 2001; Grobe et al., 2001; Schilling et al., 2001) . For example, IEX-1 expression enhances cell death induced by death ligands and by DNA-damaging conditions in some tumor cells Grobe et al., 2001; Schilling et al., 2001 ), but decreases activation-induced cell death in T cells . Thus, the effect of IEX-1 on cell growth and apoptosis seems to be greatly influenced by cell-typespecific conditions. This includes the control of IEX-1 expression and certain post-translational events in response to a great variety of stimuli, such as growth factors (i.e. EGF, PDGF, HGF/SF), cytokines (i.e. TNFa, IL6), stress factors, vitamin D and other cellular activators (i.e. PMA, LPS) or biomechanical strain (Charles et al., 1993; Kondratyev et al., 1996; Kobayashi et al., 1998; Kumar et al., 1998; Pietzsch et al., 1998; Scha¨fer et al., 1998a Scha¨fer et al., , 1999a De Keulenaer et al., 2002; Garcia et al., 2002; Ohki et al., 2002) .
In the present study we investigated one mechanism by which IEX-1 might exert its proapoptotic potential. We could show that IEX-1 downregulates the basal as well as induced (here by TNFa) NF-kB activity in 293 cells by reducing the degradation of the NF-kB inhibitor IkBa. In this way, IEX-1 represents an NF-kB target gene that may counteract the antiapoptotic potential of NF-kB.
Results
Altered expression of IEX-1 in stably transfecetd 293 cells modulates apoptotic cell death Using tetracycline (Tet) responsive 293 cells (TRex-293, Invitrogen) stably transfected with a Tet-inducible expression vector (pcDNA4-TO), the effect of conditional overexpression of IEX-1 on apoptosis was elucidated ( Figure 1a) . As shown by Annexin V binding assay, cell death induced by apoptotic stimuli such as anti-Fas, TNFa, doxorubicin or etoposide was significantly enhanced in those 293 clones overexpressing IEX-1 in a Tet-dependent fashion (as shown here for one representative clone, IEX-1 a3 ) compared to mocktransfected 293 cells. Conversely, functional disruption of IEX-1 expression (Figure 1b ) by stable transfection of 293 cells with anti-IEX-1 hammerhead ribozymes (described in Grobe et al., 2001 ) rendered the corresponding 293 cell clones less sensitive to these apoptotic stimuli in comparison to 293 cells transduced with the ribozymal sense-control vector. As we used three ribozymes with increasing cleavage efficacy (Ri9oRi2/ 8/9oRi2/8/9/10), we were able to show that the decline in cell death was proportional to the degree of disruption of IEX-1 expression. This reduced sensitivity to apoptosis -in particular to anticancer drugs such as doxorubicin or etoposide -was also verified for the triand tetrameric ribozymes, respectively, by PARP-1 cleavage assay (Figure 1c ).
Basal and TNFa-induced NF-kB activity changes in 293 cells expressing altered levels of IEX-1
In order to elucidate the effect of IEX-1 expression on NF-kB activation, gel-shift assays from nuclear extracts of the Tet-293 cell clones were performed. As shown in Figure 2a , the basal as well as the TNFa-induced NFkB-binding activity was markedly reduced in 293 cells expressing higher levels of IEX-1 compared with mocktransfected 293 cells -here shown for two independent clones (IEX-1 a3 and IEX-1 a11 ) expressing slightly different levels of IEX-1. Supershift assay revealed that mainly the p65/p50 heterodimer is affected by IEX-1 expression (not shown). In contrast, gel-shift assays for AP1 or Oct1 exhibited no effect of IEX-1 on the binding activity of these transcription factors. We further analysed the NF-kB activity by luciferase assay using a reporter gene vector driven by five NF-kB sites (pNFkBLuc-firefly). Compared to an empty control vector (pGL3) and normalized to constitutive renilla luciferase expression by cotransfection with pRLTK, we could show that Tet-dependent expression of IEX-1 significantly attenuated the TNFa-induced and basal NF-kB-driven expression of the reporter gene ( Figure 2b ). The blocking effect of IEX-1 expression on NF-kB activation was also effective with other NFkB-inducing stimuli. As shown in Figure 2b (lower panel), the inducing effect of IL-1b on NF-kB-driven luciferase expression was significantly weaker in the presence of Tet in IEX-1-overexpressing 293 cells, quite similar to the effect seen with TNFa. Conversely, gelshift and luciferase assay revealed a significant increase of NF-kB-binding activity and NF-kB-dependent transactivation, if IEX-1 expression was blocked in 293 cells by the anti-IEX-1 ribozymes. As shown in Figure 2c , the TNF-induced formation of the DNA-protein complex resembling NF-kB was more prominent in ribozymetransduced 293 cells than in control transfectants, and the inducing effect of TNFa on NF-kB-mediated luciferase transcription was also siginficantly enhanced in 293 cells if IEX-1 expression was blocked by the ribozymes (Figure 2d) . A similar gain of NF-kB-binding and transcriptional activity during blocked IEX-1 expression was observed in the presence of IL-1b, as shown in Figure 2c Figure 3b ). In particular, 293 cells expressing the tetrameric ribozyme Ri2/10 exhibit significantly higher amounts of nuclear phosphop65. These findings were confirmed by immunofluorescence microscopy demonstrating modified nuclear levels of p65 in an IEX-1-dependent fashion (data not shown).
Altered IEX-1 expression in 293 cells leads to a modified turnover of IkBa and phospho-IkBa protein levels.
Total lysates from Tet-293 cells either expressing higher levels of IEX-1 or not, were submitted to immunoblotting using either a pan-IkBa or a phospho-specific IkBa Nuclear extracts of these cell were submitted to gel-shift assay using radiolabelled probes for NF-kB, or Oct1 and AP1, respectively, as control. A representative experiment is shown; bold arrowheads: p65/p50; small arrowheads: unspecific band. (b) IEX-1 or mock-transfected TRex-293 cells were transfected with pNFkBLuc or pGL3 (as control) together with pRLTK followed by incubation for 16 h in the absence or presence of 1 mm Tet. Then, 20 ng/ml TNFa (upper panel) or 10 ng/ml IL-1b (lower panel) were administered for 6 h, or not, and expression of firefly luciferase and renilla luciferase in total cellular extracts (adjusted to equal amounts of protein) was measured. Firefly luciferase expression was normalized to the amount of renilla luciferase and data represent the NF-kB specific luciferase expression (from the pNFkBLuc/pGL3Luc ratio): means7s. Figure 4b , IkBa phosphorylation upon 5 min treatment with TNFa was not significantly changed in IEX-1-overexpressing 293 cells compared to the mock transfectants. Thereafter, the level of phospho-IkBa rapidly (30 min upon TNFa) declined in mock transfectants, reflecting the onset of proteasomal degradation, whereas in IEX-1-expressing 293 cells this decrease of phospho-IkBa levels was much less pronounced. If 293 cells were preincubated (30 min) with the proteasome inhibitor Mg132 (10 mm) prior to TNFa treatment, in all clones the level of phosphorylated IkBa remained at an increased level and no difference was noted between mock-transfected or IEX-1-expressing cells (Figure 4c) .
By contrast, in 293 cells with disrupted IEX-1 expression the level of IkBa was more rapidly reduced upon TNFa administration than 293 cells with unaffected IEX-1 expression (Figure 5a ). While in the latter, IkBa protein levels turned to low levels within 15-30 min, the 293 cells with disrupted IEX-1 expression exhibited an earlier decline in the amount of IkBa protein within 15 min upon TNFa administration. Additionally, the subsequent recovery of IkBa protein levels within 30-60 min upon TNFa administration was more pronounced in ribozyme transduced than in control 293 cells. Along with this accelerated time course of IkBa destruction, the turnover of phosphorylated IkBa was also more rapid in ribozyme-transduced 293 cells than in control transfectants (Figure 5b ). At 5 min upon TNFa administration, the level of IkBa phosphorylated at position Ser32 was slightly higher in ribozyme-transduced 293 cells compared to control 293 cells. Within a further 10 min, the level of phospho-IkBa strongly decreased in the ribozyme-expressing clones, while only a moderate decrease was seen in the control transfectants at this time point.
Interference of IEX-1 expression with proteasome activity
In order to elucidate whether IEX-1 expression interferes with the activity of the 26S-proteasome, 293 cells conditionally overexpressing IEX-1 were submitted to a Figure 6a , the specific conversion of the chymotryptic proteasomal substrate N-succinyl-l-leucyl-l-leucyl-l-valyl-l-tyrosyl-7-amido-4-methylcumarin (Suc-LLVY-AMC) into the cleavage product 7-amido-4-methylcumarin (AMC) was significantly decreased in a Tet-dependent fashion in the 293 clones IEX-1 a3 and IEX-1 a11 . Compared to mock transfectants, IEX-1-overexpressing clones exhibited a 30-50% reduced proteasomal activity after 30-60 min. This reducing effect was most significant 24 h upon Tet addition. Conversely, 293 cells stably expressing anti-IEX-1 ribozymes exhibited stronger proteasomal activity, as verified by the increased formation of AMC in Ri2/9 and Ri2/10 cells. As shown in Figure 6b , the timedependent cleavage of Suc-LLVY-AMC was increased in Ri2/9 cells and Ri2/10 cells by 40 and 100% (30 and 60 min), respectively, in comparison with control cells.
Discussion
The implication of the early response gene IEX-1 in the regulation of cell growth and cellular viability is still rather obscure. Even though IEX-1 is linked to numerous of signalling pathways related to regulation of the cell cycle and of apoptosis, it is still not clear under which conditions IEX-1 promotes programmed cell death and how IEX-1 influences death-inducing signals.
In this study we paid particular attention to the role of IEX-1 in NF-kB signalling. Our data strongly indicate that IEX-1 suppresses the activation of NF-kB, as shown here for TNFa-induced NF-kB activity. The reduced presence of activated NF-kB in the nucleus along with decreased NF-kB-driven transcription that could be seen in 293 cells conditionally overexpressing IEX-1 was preceded by increased amounts of IkBa and phospho-IkBa. On the other hand, disruption of IEX-1 expression by specific hammerhead ribozymes targeted to IEX-1 mRNA accelerated the TNFa-induced degradation of IkBa and phospho-IkBa along with a significantly enhanced NF-kB activity in 293 cells.
Our finding that IEX-1 also inhibits NF-kB activation by IL-1b suggests that IEX-1 specifically interferes with the receptor-mediated activation of NF-kB beyond the level of IkB phosphorylation where IL-1b and TNFa signals converge. Since the initial increase of phosphoIkBa levels in response to TNFa administration was not significantly altered in 293 cells with modified IEX-1 expression, whereas the subsequent decrease of ) ribozyme (Ri2/8/9/10 or Ri2/8/9)-transduced 293 cells or control cells were submitted to a fluorometric proteasome assay. In the presence or absence of the proteasome inhibitor Mg132 (5 mg/ml), whole cells were assayed for various periods using Suc-LLVY-AMC as fluorogenic substrate. The generation of the fluorogenic product AMC was measured at the indicated time points. Specific proteasomal activity was calculated by the difference of AMC formation in the absence and presence of Mg132, normalized to equal cell numbers. All data show the mean7s.d. of three independent experiments IEX-1 attenuates NF-jB activation A Arlt et al phospho-IkBa was reduced by increased IEX-1 expression and accelerated by diminished IEX-1 expression, it seems very likely that IEX-1 interferes with proteasomal degradation of phospho-IkBa. In this way, IEX-1 appears to dissect the second step in IkBa signalling mediated by the 26S-proteasome from the first step -the IKK-dependent phosphorylation of IkBa at Ser32 and Ser36. In support of this assumption, we observed no difference in the level of phospho-IkBa as well as of IkBa in 293 cells exhibiting distinct IEX-1 expression levels if the proteasomal inhibitor Mg132 was added. Several other mechanisms have been recently described that downregulate NF-kB activation in 293 cells by quite distinct modes of action. The novel zinc finger protein ZIN has been shown to inhibit TNFa-or IL-1b-induced NF-kB activation by interacting with RIP (Chen et al., 2002a) , and a CaMKK-dependent mechanism has been described (Chen et al., 2002b ) that blocks IL-1b-induced NF-kB activation by uncoupling IRAK1/MyD88. In addition, the papillomavirus oncoproteins E6 and E7 have been recently shown to attenuate NF-kB activation by directly inhibiting IkBa phosphorylation and NF-kB-mediated transcription in U2OS and H1299 cells (Spitkovsky et al., 2002) . In contrast, IEX-1 obviously affects the release of NF-kB from its cytoplasmic sequestration by interfering with the proteasomal degradation of IkBa. Indeed, from the findings that IEX-1 expression reduces 26S-proteasomal activity and that, vice versa, disruption of IEX-1 expression enhances the activity of the 26S-proteasome (Figure 6 ), it can be speculated that IEX-1 specifically interferes with the activity of the huge multienzyme proteolytic system by an as yet undefined mechanism.
Recent reports indicated that the assembly and disassembly of the 26S-proteasome Glickman et al., 1998) is tightly regulated by certain nuclear proteins, such as the proteins Nob1 or PNO1 (Tone and Toh-e, 2002 ) that promote the formation of the 26S-proteasome from the 19S and 20S subunits in yeast. It is tempting to speculate that IEX-1 interferes with this regulatory process, hereby affecting proteasomal activity. This would imply that IEX-1 not only affects the signal-dependent degradation of IkBa but also degradation of other 26S-proteasomal targets, such as b-catenin or certain cyclins. In fact, we recently observed also an altered turnover of cyclin B1 in 293 cells if IEX-1 expression was modified (unpublished result).
As one possible consequence of the negative effect of IEX-1 expression on NF-kB activation, the sensitivity towards apoptosis greatly increases. In particular, cells with elevated IEX-1 expression exhibit enhanced sensitivity to death stimuli such as anti-Fas antibody and even more to anticancer drugs. In this regard, the contribution of NF-kB to DNA-damage checkpoint control by inducing a cell cycle arrest, as reported recently (Seitz et al., 2000; Um et al., 2001; van Hogerlinden et al., 2002) , may play a role. It has been shown that IEX-1 expression leads to cell cycle acceleration Grobe et al., 2001) , and renders cells more susceptible to apoptosis. It is attractive to speculate that, by reducing NF-kB activity, IEX-1 may be part of this signalling pathway breaking cell cycle arrest and, hereby, favoring apoptosis. Being itself an early target gene of NF-kB-inducing stimuli, IEX-1 may be part of a counter-regulatory process initiated by NF-kB, as suggested previously (De Keulenaer et al., 2002) .
The data presented here indicate this counter-regulation for the first time under conditions of TNFa-induced NF-kB activation. Further studies should shed more light onto the mechanisms of how IEX-1 interferes with NF-kB-inducing signalling -in particular the exact mode of the regulation of proteasomal activity.
Materials and methods

Materials
The luciferase reporter gene vectors (pNFkBLuc, pRLTK, pGL3) were from Promega (Mannheim, FRG). Cell culture medium was purchased from Seromed (Berlin, FRG). Recombinant TNFa was from Sigma (Deisenhofen, FRG), IL-1b from R&D-Systems (Wiesbaden, FRG), the anti-Fas antibody (Clone CH-11) from Upstate (Mu¨nchen, FRG), and Mg132 and Suc-LLVY-AMC from Biomol (Mu¨nchen, FRG).
Cell lines and their handling
Human embryonic kidney 293 cells were purchased from DSMZ (Braunschweig, FRG) and TRex-293 cells were from Invitrogen (Schelp, The Netherlands). Cell culture was performed with DMEM low glucose medium supplemented with 1% (w/v) glutamine and 10% (v/v) fetal calf serum. For the maintenance of stably transfected 293 cells, the following selection antibiotics were added: 5 mg/ml Blasticidine and 400 mg/ml Zeocine (both Invitrogen) for stably transfected TRex-293 cells and 1 mg/ml Puromycine (BD-Clontech; Heidelberg, FRG) for ribozyme-transduced 293 cells. All cells were kept at 371C in a 5% CO 2 atmosphere at 85% humidity.
Generation and stable transfection of hammerhead ribozymes
Vector based con-catameric ribozyme constructs were generated consisting of one, three or four hammerhead ribozymes previously characterized for specific in vitro cleavage of IEX-1 mRNA. Using in vitro synthesized oligonucleotides encoding the templates for ribozymal RNA, four sets of hammerhead ribozymes targeted to positions 112-114, 274-277 and 294-297 of the IEX-1 mRNA, as well as a sense control construct were cloned into the retroviral expression vector pBabePuro, as described previously (Morgenstern and Land, 1990; Grobe et al., 2001) . These vectors were stably transfected into 293 cells, as described .
Generation and stable transfection of Tet-inducible IEX-1 expression vectors
The full-length coding region of IEX-1 was cloned into the Tet-inducible expression vector pcDNA4TO (Invitrogen). This construct was tested by DNA sequencing and was then stably transfected into TRex-293 cells (Invitrogen) by lipofection using Effectene (Qiagen; Hilden, FRG). Besides mock-transfectants, several Tet-responsive IEX-1-expressing clones were raised by selection with Zeocine (400 mg/ml). For further experiments, two 293 cell clones exhibiting tetracyline-inducible IEX-1 attenuates NF-jB activation A Arlt et al IEX-1 expression were used together with a mixture of mock transfectants.
Gel-shift and supershift assay
For gel-shift assays, nuclear extracts were prepared as described previously (Scha¨fer et al., 1998a) and incubated with a g 32 P-labelled oligonucleotide 5 0 AGTTGAGGGGACT TTCCCAGGC3 0 containing a consensus NF-kB-binding site, with a consensus AP1 oligonucleotide 5 0 CGCTTGATGA GTCAGCCGGAA3 0 or with an Oct1 consensus oligonucleotide 5 0 TGTCGAATGCAAATCACTAGAA3 0 (all Promega; Mannheim, FRG). After 30 min incubation at room temperature, samples were separated by gel electrophoresis at 100 V and 41C. Gels were dried and exposed to X-ray Hyperfilm (Amersham; Freiburg, FRG). For NF-kB supershift assay, anti-p65/p50 NF-kB antibodies (Santa Cruz; Heidelberg, FRG) were added (1 h, 41C) prior to electrophoresis.
Western blotting
Nuclear extracts prepared as described (Scha¨fer et al., 1998a) were dissolved in 2 Â SDS-PAGE sample buffer or cells were directly lyzed in 2 Â SDS-PAGE sample buffer, heated (951C) for 5 min and submitted to 10% SDS-PAGE. Upon semidry transfer onto PVDF membrane, blots were blocked for 2 h with 5% nonfat milk powder, 0.05% Tween-20 in PBS (blocking solution) at room temperature. Afterwards, blots were exposed to the primary antibodies against IkBa, IEX-1 (both Santa Cruz; Heidelberg, FRG), phospho-Ser-32-IkBa, phospho-Ser-536-p65, and PARP-1 (all from Cell Signalling; Frankfurt/Main, FRG) or tubulin (Sigma; Munich, FRG) at a 200-to 1000-fold dilution in primary antibody diluent (5% bovine serum albumin in 0.05% Tween-20 in TBS) overnight at 41C. After extensive washing with 0.05% Tween-20 in TBS, blots were exposed to the appropriate HRP-conjugated secondary antibody diluted (1 : 1000) in blocking buffer and were developed using the LumiGlo peroxidase detection kit (Cell Signalling).
Cell transfection and luciferase assay
Semiconfluent cells grown on six-well dishes were serumstarved for 2 h and then submitted to lipofection (8 ml/mg DNA Enhancer; 16ml/mg DNA Effectene, Qiagen) using 0.2 mg pNFkB-Luc (firefly luciferase) or pGL3-Luc (firefly luciferase) together with 0.2 mg pRLTK (renilla luciferase). After 16 h, medium was replaced and transfectants were further incubated with stimuli or without for 6-8 h. For cell lysis and detection of luciferase activity, a commercial dual luciferase assay kit (Promega; Mannheim, FRG) was used, and luciferase activity was quantified in a Berthold luminometer. Transfection efficacy was determined in parallel by measurement of renilla luciferase expression.
FITC-AnnexinV/PI apoptosis assay
After treatment, 10 5 cells were harvested and resuspended in 200 ml of Hepes-buffered saline. Then, 10 ml of FITC-labelled enhanced annexin V (ApoAlert, BD-Clontech; Heidelberg, FRG) and 100 ng of propidium iodide were added. Upon incubation in the dark (15 min, room temperature), samples were diluted with 0.5 ml PBS. Flow cytometry was carried out on a FloMax Galaxy fluorescence flow cytometer (Dako, Hamburg, FRG) and data were processed by FloMaxsoftware. Those cells exhibiting high staining with Annexin V were regarded as being apoptotic.
Fluorometric proteasome assay
For the determination of proteasomal activity in 293 cell derived clones, a fluorometric assay protocol was performed, as recently described (Masdehors et al., 2000) . In brief, cells were harvested by mild trypsinization. Then, 5 Â 10 5 cells were resuspended in 500 ml medium and incubated with the proteasome inhibitor Mg132 (5 mg/ml), or not. After 30 min, 10 ml of Suc-LLVY-AMC (10 mm dissolved in DMSO) was added, and at various time points the formation of the fluorescent dye AMC was measured at l ¼ 460 nm using a spectral fluorometer (Perkin-Elmer). Specific chymotryptic proteasomal activity was determined by subtraction of the mostly proteasome independent fluorescence, measured in the presence of Mg132.
Abbreviations NF-kB, nuclear factor-kB; IkB, inhibitor kB; IKK, IkB kinase; Suc-LLVY-AMC, N-succinyl-l-leucyl-l-leucyl-l-valyl-l-tyrosyl-7-amido-4-methylcumarin; Tet, tetracycline.
